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1. Introduction

This Enprincering lheport presents a proposal to expand the scope of
the Sunflower developuent preogram to include solar cemponent and system testing.

The Sunflower proposal, Contract NaS 5-L€2, provides for a development
program which is designed to accouplish the Sunflower Program objectives. It is
recornized, however, that there are several supplemental program efforts which
could be employed to increase the confidence of meeting the performance and reli-
ability objectives on schedule. OSuch supplemental efforts are characteristic of
any system development program. They include; parallel development programs in
critical component areas, increased developmental and reliability testing, greater
provisicn for concurrcent component and system development effort, etc.

This proposal urges the expansion of the Sunflower development program
to include solar component and system testing. both the possibility and advisa-
bility of this proposal have resulted from the redirection of WADD's SFUD program
at Thompson Kamo Wooldridge Inc. This redirection has eliminated plans to uti-
lize the solar test rig to test the SPUD System. WADD has, therefore, made the
SPUD rig and equipment available to Thompson lamo Wooldridge Inc. and The National
Aeronautics and Space Administration to support the Sunflower Program.

The proposed program will allow direct experimental determination of
full scale collector energy efficiency, and will provide invaluable developmental
and operational experience through system testing on solar energye.

A schedule has been developed to accomplish the integration of the Sun-
flower solar test program to provide test results which can be factored into the

Sunflower design.

2. Summary

The following sections present detailed factors related to accomplishing
the solar testing of the Sunflower collector and the Sunflower Power Conversion
System. The major program provisions are described below.

A. Long Focal Length Collector Tests
The SPUD rig will be modified to accept a forty foot diameter

backup collector having a seventeen foot focal length. The forty
foot collector is chosen for two reasons. The resultant total
intercepted power is in the range of that expected in operation
while in orbit; and this size corresponds closely to that required
in a possivle Mars migsion of Sunflower.

The “backup" solar collector will be fabricated similar to the
prescent SPUD collector to be capable of maintaining shaps in spite
of wind loadings and g forces. 1t will also provide protection
and support for subsequent Sunflower prototype collector tests.

The backup forty foot diameter collector wiil be vacuum metailized

and tested optically.
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System Tests

After completion of the optical test of the forty foot
collector, the Sunflower P(S S/N 1 will be installed for collec-
tor-system tests. The PUS will have been subjected to development
testing in Cleveland and will be made available by the completion
of S/N 2 for development testing.

Prototype Sunflower Collector Tests

A4 prototype Sunflower collector will be fabricated and made
available for optical tests. This collector will be placed inside
the backup collector for environmental protection. Tests of this
prototype collector will provide checkout of the collector optics
by direct energy measurements,

The following sections include a technical discussion of the feasibility
and attraction of the proposed contract supplement, a propcsed supplemental state-
ment of work and the proposed Sunflower supplemental development program schedule.,

Technical Discussion

A,

The solar altitude may be equated to declination, latitude and
time of day as follows:
Sin H = Sin D sin L +cos D cos L cos (3€0 - 0)
Where H = solar altitude - degrees
D = solar declination - degrees
(D =2 423 1/20 on June 21
0° at equinox
- 23 1/20 on Dec. 21)
L = latitude - degrees (North + )
© = angular equivalent of time before or after
local solar noon - degrees
(1 hour = 150)

Figure 1 is a plot of these parameters for Los Angeles, California
(latitude = + 3L°)

Figure 2 is a plot of solar constant at the surface of the earth
as a function of solar altitude on a clear day.

The required solar constant for test of the Sunflower System may

be estimated as follows:
Cavity input power requirements
(no excess power for LiH melting)
Pregtd = Fyg- sup + Prerad + Feonvection ¥ Finsulation

th = 32.98 Kw - design point
P A€rThL
rad = 7 73 1t2 x 1 x .507 x 10712 Kw  x 1710°gb

L.9L Kw £t2 ORl
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5.1% Kw
1 Kw

insulation

:'Preq'd = 32.98 + Lo + 5.15 4+ 1.0 = LL.0OT7 Kw

.07 = 59.8 Ku

1.
L Y = 2 AW

¢

p - P .
*intercepted = “reqid -
heoll .738

Solar constant required,
(a) LO foot diameter collector
Sfag = L9.8 Kw = 052 Kw/ft?
TV (402 -9.52)
L

(b) 32.2 foot diameter collector
Sjeg = €0 = .081 Kw/ft2

TT (32422 -9.52)
L

These minimum solar constant requirements may be correlated with
Figurees 2 & 1 to yield Figure 3 which shows useful test hours per day versus
season for the L0 and 32.2 foot collectors. Heference to this plot shows that
at least five and one half hours of useful test time is obtainable the year around
with the forty foot collector, and that two to five and one half hours per day
are usable with the 32.2 foot collector during the period from April to October,

B. Proposed Increase of Scope

Cne of the recognized areas of concern in the development of
the Sunflower System is the high cost of discovering design defi-
ciencies in orbit. This concern is amplified by the difficulties
involved in simulating operational conditions during development
tests., The two most difficult conditions to simulate are “zero g"
acceleration and collimated solar energy. Operation of the system
in a zero gravity environment requires freefall, ballistic or orbital
testing. Such tests are expensive and outside the scope of this
proposal, However, utilization of the SPUD rig as proposed can pro-
vide data on system operation of the integrated collector system as
influenced by gravity “acceleration" of one g in any direction
betwesn vertical and 70° from vertical. This will provide important
indications of the sensitivity of the system characteristics to
gravity acceleration.

aAccording to the Southern California Chamber cf Commerce and,
incidentally, the United States Weather bureau, the combination of a
forty foot collector and Southern California sunshine will provide
sufficient solar energy to simulate a 32.2 foot collector in space.
4 smaller prototype collector can also operate the system during the
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summer. Thus, the SPUD rig provides the capability to operate
the entire system, including the solar collector, and to maintain
performance through transients of energy supply, tracking error,
and startup at various gravitational directions.

A strong attraction of the proposed supplement is the oppor-
tunity for closer simulation of the operational environment,

The field of solar concentrating systems has lacked to date
information on solar collectors operating in the 1500-2000°F. range.
Thompson Kamo Wooldridge Inc. presently is advancing the state of
the art in deployable rigid collectors wilh the Sunflower Program,
However, the Sunflower Program does not presently program actual
solar testing of a collector. The contracted program is limited to
collimated light and flux distribution testing.

It is expected that solar testing of the collector and PCS will
identify problems and suggest operational improvemcnts in the check-
out and utilization of the Sunflower System by increasing the devel-
opmental coverage in the following areas:

l. Collector

a) A correlation of contour analyses with measured energy
efficiency performance;

b) application experience and performance determination for
reflecting materials;

c) A determination of practical limits on collector segment
alignment,

2. Orientation Control

Direct determination of the influence of misorientation
on system performance.

3. Receiver-Boiler

Determination of performance of cavity type receiver,
including radiation losses, and performance of the heat
storage unit during simulation of sun-shade operation.

4. Rankine Cycle Components

a) Demonstration of system operational integrity with the
solar collector and power conversion system combined.

b) Determination of the influence of the direction of the
gravitational force on system performance.

when the cost of one orbital disappointment is compared with the
cost of the proposed incremental improvement in developmental simula-
tion, the value of the proposed supplement is apparent.
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Description of Existing SPD hig

The design concept utilized in the SPUD collector mount
and solar tracking system was to provide a simple rugged posi-
tioning base for the collector and power conversion system.
Several mounting methods were considered for the SPUD design,
including equatorial and altitude-azimuth types.

The altitude-azimuth tracking system was chosen for SPUD in
preference to the equatorial mount for several reasons:

1. Construction is comparatively simple.

2. The collector and power conversion system may be located
closer to the ground affording ease of access and sheltering.

3. The trecking system need only be leveled to the earth
regardless of latitude, whereas an equatorial mount requires
the polar axis to be adjustable.

SPUD rig as modified for Sunflower testing is shown in Figure L.

The collector mount is constructed of conventional structural
steel sections, The mount consists of a primary "“X" type base frame.
A military tank turret race ring and ring gear is attached to the
base. A platform is attached to the race ring and can, therefore,
rotate about the vertical axis to trace the sun's azimuth. Hinged
to this platform is the collector mounting frame. This adjusts for
the sun's altitude relative to the horizon. The collector mounting
frame supports a fabricated ring which supports the collector as well
as the power conversion system.

The solar power conversion system orientation drive utilizes
electric motors and mechanical speed reduction equipment., Stock
motors and speed reducers were selected to provide the required
functions. The azimuth drive consists of a gear motor pinion drive
to the tank race ring. The altitude drive consists of a small motor,
speed reducer, and screwjacks which are driven by a chain drive from
the reducer. Manual operation of each tracking function is accomplished
by jog switches. A simple optical alighment device is provided to .
mount on the collector frame in such a nanner that an observer may
control the alignment.

Present Status

The SrUD rig currently is assembled through mounting of the
collector center dish. The elevation and azimuth drives are assem-
bled. The current physical status is shown in the photographs of
Figure 5.

Modifications to Existing SPUD Rig

The Sunflower Solar Test Kig is shown in Figure L. The SPUD
rig was originally designed to track the sun within 4 50 by the use
of A.C. drive motors and jog switches. However, the Sunflower cavity
receiver concept operates at a higher concentration ratio than was
intended for SPUD, thus is more sensitive to tracking errors.
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The proposed modification to the existing rig to improve

solar tracking are as follows:

l. Add reinforcing member to the main rotating platform.

2. Repair tank race ring bearing to eliminate excessive play.

3. Convert A.C. - Jog drive motors to D.C. motors and controls
to operate from an error signal generated by a solar sens-
ing device for automatic tracking.

4. HKeplace the existing elevation arm with a selectabie length
arm which will allow the necessary adjustments to be made
for summer and winter testing without rig disassembly and
modification.

The following design changes will be made to accommodate the
Sunflower System:

1. An adapter section will be added to allow for attachment of
the Sunflower collector and P(S and to provide for support-
ing truss ribs.

2. Honeycomb ribs will be added to provide a backup structure
which will aid in collector assembly and restrict deflection
during wind loading.

3. Provisions will be incorporated for mounting both the forty
foot diameter backup collector and the Sunflower prototype
collector.

4. A base structure is provided for the mounting of the power
converaion system to the adapter section,

5. Move the physical location of the rig to clear the adjacent
building with the forty foot diameter paraboloid installed.

To obtain more testing time during the winter months in Califor-
nia, it is desirable to increase the length of the elevation arm to
accommodate testing with the forty foot collector at a solar alti-
tude of 20°,

Provision will also have to be made to give the system a ground
clearance 2 1/2 feet in excess of that shown on Figure L because of
the 20° altitude alignment position of the system,

Lh. Proposed Program

The proposed program is presented graphically in Figure 6. keference to
this figure indicates the tasks and the chronological order in which they are to
be performed.

The initial effort shall be directed toward accomplishing the required
redesign and modification of controls, instrumentation, and rig to operate the
Sunflower System. The SPUD rig shall be modified to provide for automatic track-
ing of the sun. This task will involve a detailed study to determine the effects
of the Sunflower Power Conversion System installation upon the rig due to shifts
in location of the boiler, condenser, collector and system hardware. A4iso, %o
accurately track the sun within + 1/L°, the rig will be modified to reduce deflec~
tions and backlash., This modification shall also provide the capability of accept-
ing the Sunflower Power Conversion System for combined collector and PCS testing.

4 forty foot backup paraboloid will be fabricated of the fiberglass and
honeycomb construction used in the SPUD collector. This structure will be formed
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on the Sunflower prototype collector mold and will have adequate strength to
withstand the testing environment of wind, and "G" forces. The inner surtace

of this structure will be vacuum metallized and have the capability of being used
as a forty foot diameter, seventeen foot focal length collector. The forly foot
collector is selected to approximate the heat flux input at the boiler cavity
expected in orbital sun operation. The heavy duty forty foot collector will be
installed in the solar test rig and checkout and optical tests shall be conducted.
Testing of the collector shall include optical testing to determine optical effi-
ciency and target flux distribution as a function of concentration ratio and
misorientation.

A complete Sunflower Power Conversion System will be installed in the
rig. The instrumentation shall be specifically redesigned to account for the
effects of changing liquid head on the recorded date,

The primary objectives of the Sunflower System tests on the SFUD rig
will be directed at demonstrating system operational integrity with the combined
solar collector and power conversion system. Tests will be conducted to determine
the influence of misorientation on system performance, and the effect of gravita-
tional force on system operation. Test conditions will be imposed to simulate
continuous sun and cyclic sun-shade conditions. wystem startup, shut down, and
re-ready for start shall be demonstrated.

" After the completion of this system testing, a Sunflower prototype solar
collector will be installed within the backup structure, and a complete collector
checkout similar to that described above for the forty foot collector will be
performed.

The ground checkout system otherwise required in the Sunflower contract
shall be employed to operate the system during the development tests. This check-
out system shall be constructed with as many of the SPUD auxiliary and instrumen-
tation components as can feasibly be used in synthesizing a system to operate
Sunflower. Of particular interest in the utilization of SPUD equipment are the
dynamic recorders, temperature loggers, gages, tranducers, and similar type hard-
ware., A list of the usable equipment from the SPUD Program and assumed available
to the proposed Sunflower supplement is included in the cost attachment.

It is intended to use PCS S/N 1 as the system to be installed in the
solar test rig. This hardware will be employed for integrated testing with both
the forty foot heavy duty collector and subsequent tests with the prototype Sun-
flower collector. It has been assumed that the equivalent of one set of major
components will be required as spares for P(CS S/N 1 to accomplish the total solar
test program. '

S. Preliminary Statement of Work

This section contains the proposed supplemental statenment of work. It
has been prepared in the form of a contract supplement to Na3 5-462 and is based
on the acceptance of the modifications proposed by letter of august 27, covering
the 1lithium hydride properties supplement.

Amend article 1 (a) of the Schedule by adding the following at the end
of the subparagraph entitled Phase 1 thereof:
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7o Design and modification shall be performed of the SPUD rig for
! automatic solar tracking.

In the same article add to thase [I the following:

8. Design modifications shall be made to the SFUD rig to accept a
backup struecture and Sunflower Solar Collector.

9. The backup structure shall be instulled and optical tests of the
Sunflower collector performed on the modified rig.

10. The ground checkout system to be utilized with tests on the power
conversion system solar test shall be designed and fabricated.
Integrated sycten tests with the Sunflower collector, pover con-
version system, and ground checkout equipment shall bte conducted.

Amend Article 1 (b) of the Schedule by deleting the fourth paragraph
thereof and adding the following paragraph at the end:

In addition, upon request of NiSi, a total of eight topical repoits,
teletype reports and special analyses shall be provided. One of the topical
reports shall be a reliability analysis submitted with delivery of the two flight
prototypes. A second topical report shall cover the investigation of thermal
properties of lithium hydride deseribed in Exhibit B, paragraph 1llj, thereof.

A third topical report shall be submitted on the results of the optical and inte-
grated pover conversion system testing on the SPUD rige. This report shall be
submitted within thirty days after completion of the relevant development test
effort,

Article (2)
In the first line change L,117,680 to read 5,0L0,L32 .
In the second line change 254,738 to read 319,330
In the third line change 4,372,418 to read 5,359,762 .

Exhibit B, amend paragraph 10 as follows:
10, Ground Checkout System
This task covers the design and procurement of the system

required to provide prelaunch checkout of the Sunflower I System.
This activity is closely related to the design and fabrication of
the acceptance test facility and the facility which will be
employed to operate the Sunflower solar tests. The design of this
system is essenlially a design adaptation of these facilities for
field use.,

Phase 1

A ground checkout system shall be designed and constructed
with as many of the SPUD auxiliary and instrumentation coiponents
as can feasibly be used in synthesizing this system.

Phase II

Construct and operate the LO foot collector and power conver=-
sion systen tests with ground checkout system.

Incorporate into the design of the Sunflower ground checkout
system the improvements and modifications gained from the Sunflower
solar test system,

Exhibit B, add the following as paragraph 153
15, Sunflower Solar Test Frogram

This shall consist of chanre modifying and completing the
assembly of the SPUD rig, both to be provided by the povelnment
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as a result of the partial completion of the original SPUD
Contract (AF 3 etc.) with WADD of the United States air Force.
The rig will be modified to accept a backup structure collector
and a Sunflover collector for optical testing and ultimately for
solar testing of the Sunflower Power Conversion System.

This program shall consist of approximately eighteen months
activity. The results of the optical and system testing are to
be factored into the design modifications of Sunflower in order
to arrive at the most reliable overall system for delivery to NASA,.

The contractor shall complete the solar test program during
Fhases I, II, and III of the Sunflower Program. Tasks to be
completed in each phase are outlined below:

Phase 1
1. Design study and modification will be made to SPUD rig
to prepare for the automatic tracking and system testing
which is to be accomplished during Fhase I and Il.

Phase 11

T.  The ground checkout system shall be designed and fabricated
to operate the system and monitor system performance.

2. A4 backup paraboloid structure and a prototype Sunflower
collector shall be fabricated for integrated testing on
the modified Sunflower solar test rig.

3. Spare major components of the power conversion system
shall be fabricated as spares and employed with FCS
S/N 1 for system testing in the modified Sunflower solar
test rig.

li. Four months of system solar development testing shall
be completed.

Phase III
T. The Sunflower prototype collector shall be installed,
2. The Sunflower collector shall be optically tested.
3. 4 final report on collector and system solar testing
shall be submitted.
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